Introduction
Schizophrenia is a chronic and debilitating mental illness that has been ranked among the top ten causes of years lost to disability. 1, 2 Due to the significant degree of cognitive impairment that can accompany schizophrenia, many patients are not aware of their illness 3 and most are not able to gain employment or maintain a marriage/partner relationship. 4, 5 Reducing the long-term burden of schizophrenia could meaningfully impact individuals who are afflicted, as well as society as a whole.
The goals of treatment in schizophrenia depend on the current phase of the illness, ie, acute, stabilization, or stable. 1, 6, 7 During an acute episode, the primary focus is on stabilizing the patient. 1 In the stabilization and stable phases, the goals turn to preventing further relapses and maximizing functioning. Regardless of the phase of the illness, antipsychotic medications play a core role in treatment. Following an acute relapse, continued antipsychotic medication is recommended for a minimum of 2-5 years, and potentially throughout a patient's lifetime, because it is one of the most effective methods for preventing relapses. 6 Effective short-term acute treatment (0-12 weeks) and longer-term stabilization (6-12 months) are prerequisites for reducing the long-term (.5 years) burden of schizophrenia.
Antipsychotics appear to be a heterogeneous group of medications differing in efficacy and tolerability. The second-generation antipsychotics are generally preferred for first-line treatment over first-generation antipsychotics because of the reduced risk of extrapyramidal symptoms and tardive dyskinesia. 1 Meta-analyses and large publicly funded clinical trials have found that the second-generation antipsychotics vary in efficacy and tolerability. [8] [9] [10] Among the second-generation antipsychotics, some studies have shown olanzapine to be more effective but there may be a greater risk of weight gain and metabolic adverse events in some patients. [8] [9] [10] [11] Despite the greater risk of weight gain and metabolic adverse events for clozapine and olanzapine, there appears to be a significantly lower risk of overall mortality among patients treated with these agents. 12 Adherence and persistence with antipsychotic medication regimens is often poor and can lead to treatment nonresponse in schizophrenia. 1, 7 In Tianjin, People's Republic of China, a recent administrative claims analysis found that less than 10% of patients with schizophrenia continued with a new antipsychotic for a full year. 13 A large Asia-Pacific survey of psychiatrists reported that 54% of Chinese patients were partially or fully nonadherent with antipsychotic medication. 14 Poor treatment adherence is one of the strongest predictors of relapse and hospitalization. [15] [16] [17] [18] It has been linked to lack of insight into illness, 3, 19 use of first-generation antipsychotics instead of second-generation antipsychotics, 20 poor therapeutic alliance, 19, 21 comorbid substance use, 19, 21, 22 poor treatment efficacy, 23 and treatment tolerability issues. 23 Understanding and improving early treatment adherence may improve longer-term outcomes.
The course and pattern of schizophrenia varies considerably from patient to patient. 1 Recent work examining acute response trajectories in schizophrenia for different antipsychotics has identified multiple response patterns, including three consistent patterns, ie, patients who have a more rapid initial response, patients who have a somewhat slower response, and patients who have a poor overall response. [24] [25] [26] [27] A growing body of research has found that early response is a robust predictor of later symptom response. [28] [29] [30] [31] [32] [33] Not only do these early responders demonstrate a greater reduction in symptoms later in the course of treatment than early nonresponders, but they also have better outcomes across a broad array of functional measures 30, 34 and reduced treatment costs. 30 Understanding and maximizing early treatment response among patients with schizophrenia may help improve longer-term patient outcomes.
Examining the patient and treatment characteristics that predict early response may help physicians better maximize the rates of early response and the associated benefits. Little work to date has attempted to identify the characteristics of patients who are more likely to demonstrate an early response to antipsychotic treatment. Much of the work on early treatment response has been done using data from protocol-driven care drawn from randomized clinical trials rather than from observational or naturalistic studies and little data on early response have come from studies conducted in Asia. The objectives of this research were two-fold, ie, to identify predictors of early treatment response to olanzapine for patients with schizophrenia in the People's Republic of China and to examine the 6-month clinical and functional outcomes for early responders compared with early nonresponders.
Materials and methods

Parent study
Data for this post hoc analysis came from a large, multinational, noninterventional, observational study of outpatients with bipolar mania or schizophrenia who were initiating or switching to treatment with oral olanzapine. 35 The parent study included 622 eligible patients who enrolled between June 2005 and December 2006 from 37 sites in the People's Republic of China, Romania, Mexico, and Taiwan. The current analysis was restricted to the subset of 330 (53.1%) Chinese patients with a diagnosis of schizophrenia.
Measures were collected at baseline then once per month (±2 weeks) at regularly scheduled visits over the 6-month study period. All treatment decisions, including the decision to initiate olanzapine therapy, were at the discretion of the treating physician and the patient. Consistent with usual clinical care, concomitant medications were permitted. If a patient discontinued olanzapine treatment, measures were still collected provided the patient remained in the study. In some cases, the patient may have both discontinued and restarted olanzapine during the 6-month study period. In this naturalistic, observational study the patient could have been enrolled in weight control programs. The institutional review board at each study site approved the study. All patients or their legal guardians gave signed informed consent. The study sponsor did not provide medications and the patients were not paid for their participation in the study.
inclusion/exclusion criteria
To maximize external validity, the parent observational study used broad inclusion and exclusion criteria. All patients were at least 18 years of age, treated in outpatient, ambulatory care, or community settings, and had recently switched antipsychotic treatment to or initiated antipsychotic treatment with oral olanzapine (either the standard tablets or the orally disintegrating tablet formulation). None of the patients were participating in a separate intervention study. In the current analytical sample, all patients were Chinese and had a diagnosis of schizophrenia based on DSM-IV-TR (Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision) or ICD-10 (International Classification of Diseases Tenth Revision) criteria. Further details regarding the procedures of the parent study are available elsewhere. 35 
Measures
To minimize impact on usual clinical care, only brief measures were included in the study. The Clinical Global Impressions-Severity (CGI-S) scale is a seven-point clinician rating ranging from 1 (normal, not at all ill) to 7 (among the most extremely ill patients). 36 Patient insight into illness was measured using a clinician rating ranging from 0 (none) to 4 (high). Work impairment was measured using a clinician rating ranging from 0 (no impairment) to 4 (unable to work due to mental illness). General life satisfaction was measured using a clinician rating ranging from 1 (very dissatisfied) to 5 (very satisfied). Finally, the number of social activities in the past month was measured using a clinician rating ranging from 0 to 5+ activities. The measures and information used in this analysis could all be collected during routine clinical care.
Definitions
Patients were classified as adherent if the clinician rated them as at least 80% adherent with prescribed antipsychotic medication since the last assessment. Consistent with past research, response was defined as at least a 2-point decrease in the CGI-S for patients with a baseline score between 5 (markedly ill) and 7 (among the most extremely ill patients) or at least a one-point decrease for patients with a baseline score between 2 (borderline ill) and 4 (moderately ill). 37, 38 The primary independent variable, ie, early response, was defined as meeting the above definition of response at the first follow-up visit (month 1).
statistical analysis
Differences between early responders and early nonresponders were examined at baseline. For numeric variables, these comparisons were completed with independent samples t-tests. For categorical variables, the baseline comparisons were completed using the Fisher's exact test or Monte Carlo simulation of the Fisher's exact test if the former was not feasible.
A stepwise logistic regression identified predictors of early response using baseline characteristics (Table 1) and medication adherence with olanzapine during the first month of treatment (ie, early adherence). Due to missing values on some predictor variables (for approximately 16% of patients), a sensitivity analysis was conducted to confirm the results. For the sensitivity analysis, a multiple imputation procedure was used to impute missing values and then stepwise logistic regression modeling was conducted on the imputed datasets. The nonimputed results were reported and represent the primary analysis.
Differences in outcomes between early responders and early nonresponders were modeled using mixed models for repeated measures that included the following baseline measures: the relevant baseline outcome variable, baseline dose of olanzapine, baseline body mass index, baseline CGI-S, baseline participation in a weight control program, age, sex, duration of illness, study visit, early responder status, and study visit by early responder status. When means are reported, they are accompanied by (±) the standard deviations. The two-tailed significance level was set at α=0.05. All analyses were completed using SAS software version 9.2 (SAS, Inc., Cary, NC, USA).
Results
sample description
Among the 330 Chinese patients in the parent study, 35 six could not be classified on early response status and were excluded from the analysis. Five of these six patients had a baseline CGI-S of 1 and one patient did not have any followup CGI-S information. The final analytical sample consisted of 324 individuals, including 130 (40.1%) early responders and 194 (59.9%) early nonresponders. Almost all of the early responders (n=128; 98.5%) and early nonresponders (n=192; 99.0%) completed the 6-month study. Table 1 gives the baseline comparison between the early responders and early nonresponders. Early responders were significantly younger, had a significantly shorter duration of illness, had significantly higher baseline CGI-S scores, and engaged in significantly more baseline social activities.
Treatment description
The average daily starting dose of olanzapine was 9.65±5.34 mg/day for the early responders and 9.33±5.52 mg/day for the early nonresponders (P=0.600). Across the 6-month study, the average prescribed daily dose of olanzapine increased to 11.52±4.58 mg/day for the early responders and 12.66±5.44 mg/day for the early nonresponders (P=0.051). The majority of patients continued their olanzapine treatment throughout the study. At some point during the study, six (4.6%) early responders and 17 (8.8%) early nonresponders discontinued olanzapine (P=0.188). At the one-month visit, antipsychotic polypharmacy was received by ten (7.7%) of the early responders and 24 (12.4%) of the early nonresponders (P=0.200). Adherence ($80%) to prescribed antipsychotic treatment was significantly more common among early responders (n=106; 84.1%) than the early nonresponders (n=127; 67.2%, P,0.001).
Predictors of early response
A stepwise logistic regression identified five variables that significantly predicted early response, ie, baseline CGI-S scores, duration of illness, baseline social activities, baseline enrollment in a weight control program, and early adherence to antipsychotic medication. The coefficients in the final model predicting early response included an intercept (b=−2.66, P,0.001), an increase for every additional point in baseline CGI-S (b =0.41, P=0.003), an increase for every additional social activity (up to 5+) at baseline (b=0.20, P=0.008), a decrease for every year shorter on duration of illness (b=−0.07, P=0.002), an increase in the odds associated with participating in a weight control program at baseline versus nonparticipation (b=0.30, P=0.036), and an increase in the odds for antipsychotic adherence ($80%) during the first month of treatment versus nonparticipation (b=0.55, P=0.001). Figure 1 presents the odds ratio (ORs) and 95% confidence intervals (CIs) for each of the predictors. Early adherence was the first variable selected by the stepwise analysis. The c-statistic for the overall model was 0.71, indicating that the model could correctly discriminate a randomly selected early responder from a randomly selected early nonresponder 71% of the time.
Only 271 (83.6%) of 324 patients had complete data on all of the predictors in the stepwise logistic regression. To examine the potential effects of missing values, a sensitivity analysis was conducted using a multiple imputation procedure that generated ten imputed datasets. The ORs (95% CIs) based on the imputed datasets were 1. of illness. Although the direction and statistical significance remained the same for all of the predictors in the multiple imputation sensitivity analysis, the estimates and corresponding ORs were somewhat reduced for the adherence and baseline weight control group variables.
longer-term outcomes for early responders
The early responders demonstrated significantly better improvements over the full 6-month study period across multiple outcome variables (Figures 2 and 3) , ie, CGI-S (P,0.001), patient insight into illness (P,0.001), number of social activities (P=0.051), work impairment (P,0.001), and general life satisfaction (P=0.002). Most of the outcome variables showed significant improvements for the early responders at each visit, except for one visit for patient insight into illness, four visits for number of social activities, and one visit for general life satisfaction (Figures 2 and 3 ). There were no differences in body mass index or weight change between the early responders and early nonresponders at any visit. The average increase in body mass index at the 6-month visit was 1.60 points for the early responders and 
Notes:
The overall P-values for the early responder effect in the mixed models for repeated measures were ,0.001, ,0.001, 0.051, and 0.002 for patient insight into illness, work impairment, social activities, and life satisfaction changes, respectively. *P,0.05; **P,0.01; ***P,0.001.
points for the early nonresponders (P=0.868).
Similar to the change in body weight, there were no significant differences in overall weight gain at 6 months between early responders and early nonresponders (4.38 kg versus 4.37 kg, respectively; P=0.993). Despite differences by early response status, most patients (87.3%) responded to treatment by the end of the study. At the 6-month visit, with missing values imputed using the last observation carried forward method, 100% (130/130) of the early responders and 78.9% (153/194) of the early nonresponders met the criteria for response. Although most patients in both groups responded, significantly more early responders than early nonresponders met the criteria for response at the end of the study (P,0.001).
Discussion
Early responders to olanzapine could be identified with moderate accuracy (with a c-statistic of 0.71) based on predictors that are easily assessed in everyday inpatient or outpatient care: higher baseline CGI-S scores, shorter duration of illness, greater number of social activities, enrollment in a weight control program, and early adherence with prescribed antipsychotic medications. Early adherence with medication was the strongest (ie, it was selected as the first variable in the stepwise logistic regression) predictor of early response (OR 2.98). Across the 6-month study period, early responders had significantly better outcomes on multiple variables, including illness severity, insight into illness, work impairment, social activities, and general satisfaction with life. All (100%) of the early responders and most (78.8%) of the early nonresponders met the response criteria at the 6-month visit. Early treatment response appears to be an important early indicator of better longer-term outcomes across multiple domains.
Multiple previous studies have reported that early responders have greater longer-term improvements in symptoms and functioning. 29, 30, 32, 33, 39, 40 However, few studies have examined predictors of early treatment response. A positive early experience with medication may help bolster a therapeutic alliance and could potentially lead to better long-term outcomes. 7 Early treatment response appears to be an important marker for better long-term outcomes that can be predicted based on baseline and early treatment characteristics.
Most of the predictors of early treatment response in the current study have been previously identified as predictors of overall treatment response. Duration of illness, 37, 41 as well as the related concept of duration of untreated psychosis, 42 appear to be important predictors of poor response. Longer duration of untreated psychosis has been associated with greater reduction in temporal gray matter, 43, 44 raising the possibility that psychosis may be toxic to the brain. Treatment adherence is a well known predictor of outcomes and lack of adherence is one of the strongest predictors of relapse. 15, 16 Prior research in the People's Republic of China has also highlighted the importance of maintenance treatment and the relationship between the risk of relapse and poor treatment adherence. 45 Higher baseline symptoms, particularly positive symptoms, have been previously associated with greater response rates. 40 This may be an artifact of regression to the mean, which occurs when, by chance, a patient's symptoms were particularly severe on the day of the baseline measurement, and thus, the patient's symptoms are more likely to be lower in the future. Nonetheless, patients who experience more pronounced acute positive symptoms appear to be more responsive to treatment. A higher level of social activity may reflect better premorbid functioning, which has been linked to better treatment response, 42 but the predictive value of social activity for predicting early response warrants further investigation. Two of the predictors, early adherence and enrollment in a weight control program, stand out because they may be modifiable.
The identification of early nonresponse may alert clinicians to potential adherence issues. Treatment adherence in the People's Republic of China appears to be improved by psychosocial interventions, including cognitive behavioral approaches and family interventions. 46 Recommendations for improving adherence in clinical practice include developing tailored treatment plans to meet an individual's needs, enhancing therapeutic alliance, using the most suitable route of delivery of antipsychotic medication that is related to better adherence profiles, ensuring optimal effectiveness and continuity of care, and involving key individuals and family members in care and psychoeducation of the patient. 47 The first month of treatment is an important period for identifying not only patients who could benefit from the longer-term effectiveness of olanzapine, but also patients who have a potential for substantial weight gain. A unique predictor of early response identified in this study was participation in a weight control program. Weight control programs have been found to be effective in reducing the amount of weight gain for patients treated with antipsychotics. [48] [49] [50] A recent study found that participation in a weight control program was associated with greater improvements in patient insight and better clinical and functional rehabilitation. 51, 52 Patients who experience significant weight gain at the beginning of therapy may be at risk of interrupting their antipsychotic treatment, even if it is effective. These patients should be referred to weight control programs, which could allow them to continue antipsychotic treatment and experience improved longer-term clinical and functional rehabilitation.
For patients with schizophrenia, the most effective treatments may also be the most cost-effective treatments. The personal, economic, and societal burden of schizophrenia is high, and when treated effectively, patients tend to persist longer with antipsychotic treatment, have fewer costly relapses, and have improved functioning. 53 A recent analysis in Tianjin, People's Republic of China, reported that patients with inpatient costs had almost ten times the cost of those without inpatient treatment. 54 Inpatient psychiatric hospitalizations were found to be the main driver of direct treatment costs in schizophrenia, and treatment strategies aimed at reducing the hospitalization rate for patients with schizophrenia may yield substantial cost savings in the People's Republic of China. 55 The recently introduced Mental Health Rights Law and the ongoing Mental Health Care Reform in the People's Republic of China will likely extend current outpatient services and increase the demand for effective outpatient treatment strategies that improve patient functionality and reduce the need for more expensive inpatient care. 56, 57 switching early nonresponders Prior studies finding that early nonresponse (usually at 2 weeks) was a strong predictor of later nonresponse raised the possibility of switching medication earlier rather than following the traditional recommendation in case of a delayed response. 58 The results of this study were not supportive of this strategy, given that approximately 80% of the early nonresponders met the response criteria at the 6-month visit. Although response at weeks 1-2 has been accurate in predicting response at weeks 8-12, 30,32,33 the 12-month response appears to be better predicted by the 6-week response than the 1-2-week response. 39 A randomized controlled trial found that switching early risperidone nonresponders to olanzapine resulted in modest improvements relative to remaining on risperidone; 33 however, the early responders had much better longer-term responses than early nonresponders who were switched. 33, 59 The early nonresponders appear to represent a group of patients who are less responsive to treatment.
In CATIE (Clinical Antipsychotic Trials of Intervention Effectiveness), individuals who discontinued their antipsychotic in the first phase of the study could have been randomly assigned to the same antipsychotic again in the next phase of the study. The olanzapine-treated patients who were randomly assigned to continue olanzapine had a significantly longer 
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Ye et al time to discontinuation than the olanzapine patients who were randomly assigned to switch to risperidone or quetiapine. 60 Prior to switching early olanzapine nonresponders to another medication, optimizing the dose may be prudent given that increasing the dose of olanzapine has been shown to improve efficacy. 61 
limitations
This was a post hoc analysis from an observational study of treatment with olanzapine in the People's Republic of China. Use of concomitant medications, including antipsychotics in usual clinical care, may have improved the longer-term response rate relative to continuing treatment with olanzapine monotherapy. Therefore, early nonresponse may have been a better predictor of later nonresponse if treatment had been restricted to antipsychotic monotherapy. This study relied on simple measures to minimize interference with usual clinical care. Use of more intensive and better validated measures, such as the Positive and Negative Syndrome Scale, may have given more precise results. The majority of assessments used in this study were clinician-completed, and the use of patient self-report measures may show different results. As with all observational research, groups were not formed using randomization; therefore, the comparisons could possibly be biased due to unmeasured confounders. Response to antipsychotics does not imply remission or recovery in schizophrenia.
Conclusion
Consistent with previous research from outside of the People's Republic of China, early responders had significantly better longer-term clinical and functional outcomes. The ultimate long-term treatment goal in schizophrenia is to reintegrate patients into society. Reintegration will likely require maintaining treatment with an effective antipsychotic while maximizing the benefit/risk ratio, avoiding relapse and hospitalization, and improving functional outcomes and quality of life. Early interventions that may lead to better longer-term outcomes for olanzapine-treated patients include enrolling patients in weight control programs, encouraging early treatment adherence, and promoting participation in social activities.
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